INTRODUCTION
============

Although it has long been known that attention-deficit/hyperactivity disorder (ADHD) remits in children, ADHD may persist into adulthood in a large proportion of cases \[[@b1-pi-2017-07-10],[@b2-pi-2017-07-10]\]. Surveys of 18--44-year-old adults show that 4.4% meet the criteria for the ADHD diagnosis 2, and 3--6% of adults have ADHD-like symptoms that interfere with daily life \[[@b3-pi-2017-07-10]\].

The core symptoms of ADHD are hyperactivity, impulsivity, and inattention. Untreated ADHD results in underachievement, failure in academic activities, and dropping out of academic frameworks. In addition, adult employees with ADHD have lower levels of work performance, task completion, and poorer relationships with supervisors \[[@b4-pi-2017-07-10]\]. This poor work performance can lead to higher rates of unemployment, frequent job changes, and lower socioeconomic status \[[@b5-pi-2017-07-10]\].

Despite the prevalence of ADHD in adults, it seems to be underdiagnosed or misdiagnosed. The rate of treatment of ADHD in adults is much lower than its prevalence \[[@b6-pi-2017-07-10]\]; only 11% of respondents in a 2006 survey who met the criteria for adult ADHD had been treated in the previous 12 months \[[@b2-pi-2017-07-10]\]. The reason for the underdiagnosis of adult ADHD is probably due to the time-consuming assessment, which requires specific knowledge and a specialist. Furthermore, many tests that evaluate attention take longer than 90 minutes to complete, and include clinical interviews and rating scales \[[@b7-pi-2017-07-10]\].

Several Adult ADHD screening tests have been developed, including the Connors' Adult ADHD Rating Scale \[[@b8-pi-2017-07-10]\], the Brown Attention Activation Disorder Scale \[[@b9-pi-2017-07-10]\], the Wender Utah Rating Scale \[[@b10-pi-2017-07-10]\], and the Adult ADHD Self-Report Scale \[[@b11-pi-2017-07-10]\]. These self-assessments were originally intended for clinical use, but they have been used extensively in research. They all show good screening quality compared to diagnostic interviews in a clinical setting.

Although a number of measures exist to screen for adult ADHD \[[@b12-pi-2017-07-10]\], the World Health Organization (WHO) Adult Attention-Deficit/Hyperactivity Disorder Self-Report Scale (ASRS) used in a U.S. national survey appears to be the most promising scale \[[@b13-pi-2017-07-10]\]. The ASRS includes 18 questions regarding the frequency of recent DSM-IV Criterion A symptoms of adult ADHD and may offer several advantages over existing scales, as it provides a context basis for assessing ADHD symptoms and can be used to longitudinally examine ADHD symptoms from adolescence to adulthood.

Kessler et al. \[[@b13-pi-2017-07-10]\] developed a short-form ASRS Screener (six questions) to maximize clinical utility. Stepwise logistic regression was used for this evaluation, beginning with selecting the dichotomously coded screening questions that most accurately predicted the clinical syndrome classifications. The ASRS Screener has adequate sensitivity and specificity in the general U.S. population \[[@b13-pi-2017-07-10]\]. However, the only U.S. ASRS validation study was carried out in conjunction with a nationally representative U.S. survey.

The aim of the present study was to compare the performance of the 18-item Korean version of the WHO ASRS with the sixitem ASRS Screener for predicting ADHD group in Korean samples. This study concomitantly presented the cutoff scores separating adult patients with ADHD and normal controls for the ASRS and ARSR Screener.

Methods
=======

Participants
------------

The study population included 51 adult patients with ADHD and 158 normal controls. Adult patients with ADHD were recruited from psychiatric outpatients attending the Samsung Medical Center, Seoul, Korea. Master's-degree level clinical psychologists had diagnosed adult ADHD using the DSM-IV and the Mini-International Neuropsychiatric Interview (MINI) \[[@b14-pi-2017-07-10]\]. MINI focuses on the existence of current disorders in order to keep it short. Using only one or two screening questions, clinical psychologists could rule out the diagnosis when participants answered negatively. All patients had received a diagnosis of ADHD by use of the MINI. And comorbidity with other psychiatric disorders was included, as long as the criteria for ADHD was fulfilled before the comorbid disorder appeared. Participants who were unable to reliably report ADHD symptoms as determined by researchers were excluded. Also, individuals were excluded when having serious psychotic disorders. Our controls were solicited via advertisements requesting volunteers for various psychological assessments in universities of Kyoung-Ki District and the Seoul Metropolitan area, Korea. The mean age of all subjects was 23.64 years \[standard deviation (SD)=5.91; range, 18--45 years\]. Written informed consent was obtained from all participants. This study was approved by the Institutional Review Board of the Samsung Medical Center (2009-07-042).

Measures
--------

### Adult ADHD self-report scale

The ASRS is an 18-item self-report scale, based on the DSM-IV symptom list, developed by the Workgroup on Adult ADHD in conjunction with the WHO \[[@b13-pi-2017-07-10]\]. The scale focuses on symptom frequency rather than severity to make scale instructions easier for participants to understand \[[@b15-pi-2017-07-10]\]. Each ASRS question asks respondents how often a particular ADHD symptom has occurred over the past 6 months using a 5-point response scale ranging from never 0), rarely 1), sometimes 2), often 3), to very often 4). Total scores are 0--72. The Korean version of ASRS has been validated by Kim et al. and displays good validity and reliability \[[@b16-pi-2017-07-10]\].

### ASRS screener

The ASRS Screener, which is the short form of the ASRS, consists of 6 of the 18 ASRS questions selected based on stepwise logistic regression, beginning with selection of the dichotomously coded screening questions that most accurately predicted the clinical syndrome \[[@b13-pi-2017-07-10]\]. The first four questions address inattention and the last two questions addressing hyperactivity \[[@b17-pi-2017-07-10]\]. The ASRS Screener score is the sum of the dichotomous responses for the six questions. Kessler et al. \[[@b13-pi-2017-07-10]\] identified thresholds for each item with maximum concordance with interview results.

### MINI PLUS 5.0 structured interview

The MINI is a short structured diagnostic interview developed jointly by psychiatrists and clinicians in the U.S. and Europe for DSM-IV and ICD-10 psychiatric disorders. It is applied to assess lifetime and current DSM-IV Axis I psychiatric morbidities.

Procedure
---------

The Master's level psychologists interviewed each participant using the DSM-IV and the MINI. Participants also completed the ASRS.

Data analysis
-------------

The clinical data and the distribution of scores were analyzed using descriptive methods and the χ^2^ and t tests were performed using SPSS ver. 17 software (SPSS Inc., Chicago, IL, USA). We used receiver operating characteristic (ROC) curve to examine the performance of the ASRS and the ASRS Screener in relation to ADHD diagnosis. The performance of the two instruments was indicated by the area under the ROC curve (AUC), which describes the relationship between sensitivity and specificity.

Results
=======

Demographic characteristics
---------------------------

The demographic characteristics of the ADHD and control groups are described in [Table 1](#t1-pi-2017-07-10){ref-type="table"}. The mean ages of the ADHD and control groups were 27.82 years (SD=8.89; range, 18--45 years) and 22.29 years (SD=3.68; range, 18--37 years), respectively (t=-4.322, p\<0.001). Additionally, significant differences in sex distribution (χ^2^=8.598, df=1, p=0.003) and education level (χ^2^=22.749, df=3, p\<0.001) were detected between the groups.

Differences in the ASRS and the ASRS screener between the groups
----------------------------------------------------------------

The validity of the ASRS was assessed by comparing the scores of the participants with and without an independent clinician's diagnosis of ADHD. Group differences were tested with the t-test. The mean total ASRS score was 37.65 (SD=11.24) for the ADHD group and 24.99 (SD=8.59) in the control group (p\<0.001). Mean ASRS Screener score was significantly different between the two groups ([Table 2](#t2-pi-2017-07-10){ref-type="table"}). All mean total ASRS, ASRS subscale, and ASRS Screener scores of participants with ADHD were significantly higher than those of the control participants (p\<0.001).

ROC analysis of the ASRS and the ASRS screener
----------------------------------------------

[Figure 1](#f1-pi-2017-07-10){ref-type="fig"} presents the ROC curves for the total ADHD score and the ADHD Screener score. The area under the curve (AUC) and the 95% confidence intervals are shown in [Table 3](#t3-pi-2017-07-10){ref-type="table"}. The ASRS had an AUC of 0.810 for differentiating ADHD correctly from the control, whereas the ASRS Screener had an AUC of 0.751. A large AUC indicates small false-negative and false-positive response rates, indicating high sensitivity and specificity. [Table 4](#t4-pi-2017-07-10){ref-type="table"} presents the sensitivity and specificity values for the ASRS and ASRS Screener. The ASRS had sensitivity and specificity scores of 0.706 and 0.804, respectively, when using the optimal cutoff score of 32. The ASRS Screener showed psychometric properties similar to those of the ASRS, although the sensitivity score (0.627) was lower than in the ASRS, whereas the specificity score (0.804) was similar to the ASRS, when using the optimal cutoff score of 4 for the ASRS Screener.

Discussion
==========

Similar to other studies \[[@b13-pi-2017-07-10],[@b17-pi-2017-07-10]\], the WHO ASRS and ASRS Screener were effective to evaluate adult ADHD. Participants with ADHD rated themselves higher on the ASRS and the ASRS subscales than those of the normal controls. Results confirmed the Korean version of the ASRS and ASRS Screener as a reliable and valid adult ADHD screening instrument.

Kessler et al. \[[@b18-pi-2017-07-10]\] found that the ASRS Screener with dichotomized scoring provided the best sensitivity and specificity for diagnosing adult ADHD. The Korean version of the full ASRS outperformed the ASRS Screener. Further research is needed on the ASRS Screener considering of that an Israeli study comparing the ASRS and the ASRS Screener reported similar results with ours \[[@b19-pi-2017-07-10]\].

However, the ASRS Screener is also a fair test in a high sensitivity and high specificity, and has many utilities. The six-question ASRS Screener can be self-administered easily and quickly (less than 2 minutes) both in community surveys and clinical settings. Patients would be willing to administer the screening tool due to its ease to complete brief time. It is also very good tool for trained clinical interviews to conduct clinical evaluations.

Several limitations in this study should be mentioned. First, the majority of our sample was young, which may have overlooked severity and dysfunction of ADHD as well as the range of co-morbid conditions \[[@b20-pi-2017-07-10],[@b21-pi-2017-07-10]\]. Second, all data were obtained from respondents rather than from informants. The psychometric properties of a self-report provide lower bound estimates relative to a clinician administered version or an informant's report \[[@b20-pi-2017-07-10],[@b22-pi-2017-07-10],[@b23-pi-2017-07-10]\]. This is because adults are unaware or insufficiently aware of their own impairments. Third, the sample in this study may have included subjects both on medication and off medication. By not controlling for medication or titration, selection bias may have occurred. Treatment reduces the variability of symptoms in our sample, which may limit generalizability of the results.

The results of the present study indicate that the ASRS and the ASRS Screener are useful. They can be used as general screening tools for patients in a variety of settings due to the high specificity and negative predictive values and identify adults who might require more comprehensive evaluation and follow-up. We also showed that the ASRS was an effective screening tool for adult ADHD. It can also be used as part of an evaluation to obtain data pertaining to several of the ADHD diagnostic criteria \[[@b15-pi-2017-07-10]\].

Overall, it is hoped that the Korean version of the ASRS will be a useful addition to the screening process and aid in correct diagnoses.

The current version of the Adult ADHD Self-Report Scale symptom checklist is copyrighted by the World Health Organization and is available at http://webdoc.nyumc.org/nyumc_d6/files/psych_adhd_checklist.pdf. This project was funded by Janssen Korea Limited (Local Protocol No.: CONKOR-9023).
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###### 

Demographic variables of the participants

                           ADHD (N=51)   Control (N=158)   t, χ^2^       p
  ------------------------ ------------- ----------------- ------------- ---------
  Age (years) (mean±SD)    27.82±8.89    22.29±3.68        t=-4.322      \<0.001
  Gender, N (%)                                            χ^2^=8.598    0.003
   Male                    33 (64.7)     65 (41.1)                       
   Female                  18 (35.3)     93 (58.9)                       
  Education, N (%)                                         χ^2^=22.749   \<0.001
   Middle school or less   2 (3.9)       0 (0)                           
   High school             31 (60.8)     98 (63.2)                       
   College or university   13 (25.5)     57 (36.8)                       
   Graduate school         5 (9.8)       0 (0)                           

ADHD: attention-deficit/hyperactivity disorder

###### 

Comparison of the ASRS and ASRS Screener scores between the ADHD and control groups

                       ADHD (N=51)   Control (N=158)   t        p
  -------------------- ------------- ----------------- -------- ---------
  ASRS total           37.65±11.24   24.99±8.59        -7.371   \<0.001
  ASRS inattention     21.39±5.41    14.83±4.74        -8.295   \<0.001
  ASRS hyperactivity   16.25±7.07    10.16±4.81                 
  ASRS screener        3.69±1.50     2.27±1.46         -5.738   \<0.001

ADHD: attention-deficit/hyperactivity disorder, ASRS: Adult ADHD Self-Report Scale, ASRS total (18-item), ASRS Screener: (6-item)

###### 

Receiver operating characteristics analysis for the study groups

                  AUC     p       95% confidence   
  --------------- ------- ------- ---------------- -------
  ASRS total      0.810   0.000   0.737            0.882
  ASRS screener   0.751   0.000   0.672            0.831

ADHD: attention-deficit/hyperactivity disorder, ASRS: Adult ADHD Self-Report Scale, ASRS total (18-item), ASRS Screener: (6-item)

###### 

Sensitivity and specificity values of the scales

                             Sensitivity   Specificity   1-specificity
  -------------------------- ------------- ------------- ---------------
  ASRS total (cutoff=32)     0.706         0.804         0.196
  ASRS Screener (cutoff=4)   0.627         0.804         0.196

ADHD: attention-deficit/hyperactivity disorder, ASRS: Adult ADHD Self-Report Scale, ASRS total (18-item), ASRS Screener: (6-item)
